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ABSTRACT

Premature biological aging manifests as physiological deterioration exceeding chronological age,
substantially increasing morbidity risk, particularly in rural settings where body composition is a critical
determinant of functional health. This research aimed to analyze the association between anthropometric
indicators, body composition, and healthy aging in older adults from a rural Ecuadorian parish. A
quantitative, correlational, cross-sectional study was conducted with 313 participants. Weight, height, Body
Mass Index (BMI), and body compartments (adipose and muscle tissue) were evaluated using medical -
grade electrical bioimpedance. Findings revealed a 2.91-year gap between biological age (77.21 years) and
chronological age (74.30 years), evidencing accelerated aging. A pattern of sarcopenic obesity
predominated (mean BMI: 27.64; body fat: 39.67%; muscle mass: 20.50 kg). Dispersion analysis
demonstrated that BMI increases correspond mainly to adipose tissue (R2=0.211) rather than muscle
reserve (R2=0.033), indicating critical muscle frailty. It is concluded that BMI alone is insufficient to
predict functional health, and the imbalance between adiposity and musculature compromises the physical
autonomy of this population.

Keywords: Healthy Aging, Body Composition; Anthropometry; Premature Aging, Rural Population;
Sarcopenic Obesity.

INTRODUCTION

The dysregulation of homeostasis and the progressive degeneration of physiological functions are central
manifestations of ageing, understood as a biological process of a multifactorial and progressive nature
(Mesnage, 2025; Guo et al., 2022). From a molecular perspective, this phenomenon is due to a set of
interconnected mechanisms or "hallmarks", including mitochondrial deterioration, telomere shortening,
cellular senescence, and genomic instability (Maldonado et al., 2023; Proal & VanElzakker, 2025; Li et al.,
2024). These factors not only determine the variability in the speed of systemic deterioration but also
interact dynamically with the immune system, promoting a state of chronic low-grade inflammation and
modifying hematopoiesis, which substantially increases susceptibility to age-associated diseases (McHugh
et al., 2025; Bruserud et al., 2022). From the pathophysiological point of view, the changes present a wide
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heterogeneity, which explains the enormous variability observed in health and functionality conditions
during old age.

Contemporary scientific literature establishes a precise distinction between chronological and biological
age; the latter being a more accurate indicator of the functional status of the person (Forrester et al., 2024),
since it covers various domains of aging, such as adaptation to stressors of a metabolic, psychosocial and
physical nature. In this sense, accelerated biological aging has emerged as a crucial risk element for the
development of pathologies such as cardiovascular diseases, type 2 diabetes mellitus, and cardiometabolic
multimorbidity (Zhang et al., 2025; Jiang et al., 2024). It is essential to consider that the excessive and
progressive accumulation of cellular and metabolic damage converges with a low level of physiological
reserve, increasing the probability of dependence and functional deterioration (Jiang et al., 2024). Recent
data suggest that this biological acceleration also affects mental health, increasing the risk of depression
and anxiety in older people (Gao et al., 2023). In this context, cellular senescence could be exacerbated by
the prolonged release of stress hormones and alterations in the hypothalamic-pituitary-adrenal axis,
accelerating tissue damage (Qin et al., 2024) and enhancing a vicious circle between chronic stress,
inflammation and accelerated aging.

The rate of ageing is not determined solely by genetic factors, but is strongly influenced by the "exposome",
which comprises the totality of environmental exposures, from air pollution to the work environment
(Pandics et al., 2023; Di Ciaula & Portincasa, 2020). Chronic accumulated exposures throughout life can
alter the biological mechanisms of aging and condition health status in advanced stages. In addition to
environmental factors, social determinants, such as living in poverty, have demonstrated the ability to
induce biological acceleration measurable by both epigenetic clocks and clinical biomarkers (Dalecka et
al., 2024; Ibafiez de Opakua et al., 2025). Social inequality, limited access to health services, and food
insecurity act as catalysts for vulnerability in old age. In this scenario, adipose tissue acts as an endocrine
organ that, as it ages, undergoes a dysfunctional redistribution that promotes insulin resistance and frailty,
complicating clinical conditions such as geriatric delirium (Ou et al., 2022; Bellelli et al., 2024). These
bodily alterations directly influence the functional capacity and autonomy of older adults.

To mitigate these effects, interventions have been proposed ranging from the correction of systemic
mechanisms through complex physiotherapy to lifestyle changes that optimize body composition
(Korchazhkina et al., 2024). The evaluation of simple anthropometric indicators allows an approximation
of nutritional and functional status, especially in contexts of limited resources. However, in rural
populations of Ecuador, the association between anthropometric indicators and healthy aging has not yet
been fully characterized under these new biological paradigms. The limited local evidence makes it difficult
to design preventive strategies adapted to the rural sociocultural context. Therefore, the objective of this
study is to analyze how body composition and anthropometric indicators are associated with healthy aging
in older adults in a rural Ecuadorian parish.

METHODOLOGY

This research is defined as a quantitative study, with a descriptive and correlational scope, cross-sectional,
designed to analyze the relationship between nutritional status and the senescence process in the rural
context. This design made it possible to describe the anthropometric and body composition characteristics
of the elderly population at a specific time, as well as to explore the associations between these variables
without establishing direct causal relationships.

The population consisted of 313 older adults residing in a rural parish in Ecuador, selected through a non-
probabilistic convenience sampling, considering the accessibility, availability, and availability of the
participants during the data collection period. This type of sampling was appropriate given the logistical
limitations of rural environments and the absence of an updated census record of the elderly population.
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The inclusion criteria included people of both sexes, with a minimum age of 65 years, who permanently
resided in the parish and who agreed to participate voluntarily through informed consent. Individuals with
severe physical disabilities that prevented standing or taking anthropometric measurements were excluded,
as well as those with diagnosed cognitive impairment that limited the understanding of instructions and the
correct execution of measurements.

A structured anthropometric record sheet, previously designed to record sociodemographic and physical
variables, and a medical-grade electrical bioimpedance body composition analyzer were used for data
collection. The application of this instrument allowed to obtain precise values of weight, height, body mass
index (BMI), body fat percentage, skeletal muscle mass in kilograms and the estimation of body age. The
measurements were carried out following standardized protocols, guaranteeing adequate conditions such as
relative fasting, removal of metal objects and correct posture, in order to minimize possible measurement
biases.

The statistical analysis was carried out using the IBM SPSS Statistics software, initially applying
descriptive statistics with the calculation of absolute and relative frequencies for categorical variables, as
well as means, medians, standard deviations and ranges for quantitative variables, with the aim of
comprehensively characterizing the sample and detecting missing or outliers. Prior to the correlational
analyses, the assumptions of normality and homogeneity of the variables were verified by means of
exploratory and graphical procedures. Subsequently, the strength of association between the variables was
evaluated using Pearson's correlation coefficient and the coefficient of determination (R?) for the dispersion
analyses, allowing quantifying the link between BMI and the fat and muscle components, as well as the
agreement between chronological age and estimated biological age. These analyses facilitated the
identification of patterns of accelerated biological aging and their relationship with alterations in body
composition. The results were organized in descriptive tables, histograms and scatter plots, guaranteeing
rigor in the interpretation and respecting the ethical principles of confidentiality and anonymity.

RESULTS

General characteristics of the population

The analysis of the data reveals that the population of older adults evaluated presents a premature biological
aging, with an average body age of 77.21 years, which significantly exceeds its chronological age of 74.30
years. This physiological deterioration is based on an unfavorable body composition, characterized by a
BMI of 27.64 and a high fat percentage of 39.67%, which, added to a reduced muscle mass of just 20.50
kg, describes a profile of sarcopenic obesity of high metabolic risk. The variability of the sample, with cases
of morbid obesity and critical levels of muscle malnutrition, shows a functional vulnerability that
compromises the autonomy of this group, making it imperative to implement comprehensive interventions
to mitigate the impact of this imbalance on their health and quality of life (Table 1).

The research shows premature biological aging and a sarcopenic obesity profile in older adults,
characterized by excess body fat compared to deficient muscle mass. This metabolic and functional
imbalance, aggravated by critical frailty values, seriously compromises the physical autonomy of the
sample. Therefore, it is urgent to implement comprehensive nutrition and adapted exercise interventions to
reverse the observed physiological deterioration.

Table 1. Descriptive statistics of the anthropometric variables of the population studied

Statisticians Chronological age Body Age BMI (kg/m?) % Body Fat Skeletal Muscle Mass (kg)

NValid 313 276 302 302 295
Media 74,30 7721 27,64 39,67 20,50
Medium 74,00 77,00 27,08 40,20 19,80
Desv. East. 7,58 8,63 4,68 8,85 5,43
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Minimum 65 56 18,73 19,20 2,6
Maximum 95 99 44,26 70,00 37,6

Source: Authors.

Distribution of skeletal muscle mass

The research concludes that the population evaluated presents premature biological aging (77.21 years
compared to 74.30 chronological years), closely linked to a sarcopenic obesity profile. This state is defined
by the coexistence of excess body fat (39.67%) and deficient muscle mass (20.50 kg), where weight gain
is associated with adipose tissue (R2=0.211) and not with protective muscles (R2=0.033). The negative
correlation between muscle and fat (-0.355), together with critical levels of frailty, shows a high functional
vulnerability that makes it urgent to implement body recomposition programs to preserve the autonomy of
the elderly.

The research shows accelerated aging and sarcopenic obesity, defined by excess fat and muscle deficiency
that compromise physical autonomy. The data confirm that body weight is associated with adipose tissue
and not with protective muscles, generating a high functional vulnerability. Therefore, it is urgent to
implement body recomposition programs that prioritize muscle strengthening to mitigate metabolic risks in
the elderly.

FIGURE 1 Distribution of skeletal muscle mass. In the original Spanish language
Determination of Accelerated Biological Aging and Risk of Sarcopenic Obesity
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The study concludes that the population has accelerated biological aging (77.21 body years) and a
sarcopenic obesity profile, defined by excess fat (39.67%) and deficient muscle mass (20.50 kg). The data
reveal that physiological deterioration and critical levels of muscle frailty seriously compromise the
physical autonomy and metabolic health of older adults. This vulnerability is compounded by a body
composition where weight is predominantly associated with adipose tissue rather than protective
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musculature. Therefore, it is imperative to implement body recomposition programs that prioritize muscle
strengthening to mitigate these risks. These interventions are essential to preserve functionality and improve
the overall quality of life in this age group.

The study shows accelerated aging and sarcopenic obesity. This condition links weight to adipose tissue
and not to the protective musculature, seriously compromising autonomy and metabolic health. Therefore,
it is imperative to implement muscle-strengthening and body recomposition programs to mitigate the
functional vulnerability of the elderly.

FIGURE 2 Distribution of body fat percentage. In the original Spanish language
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Relationship between BMI and body composition variables

The study shows accelerated biological aging driven by a sarcopenic obesity profile, where excess fat and
muscle deficiency increase metabolic risk. The data confirm that weight gain is linked to adipose tissue (R2
=0.211) and not to protective muscles, generating a high functional vulnerability. The presence of critical
levels of muscle mass of just 2.6 kg seriously compromises the physical autonomy of older adults.
Therefore, it is imperative to implement body recomposition programs that prioritize muscle strengthening
to mitigate risks and improve quality of life. These interventions are essential to preserve integral
functionality in this age group.

The study reveals accelerated aging and sarcopenic obesity that compromise physical autonomy. The low
muscle correlation against excess fat confirms a high functional and metabolic vulnerability. Therefore, it
is urgent to implement muscle-strengthening and body recomposition programs to improve the quality of
life of the elderly.

Genetics and Molecular Research 24 (4): gmr24124



Dispersion simple con ajuste de linea de PORCENTAJE DE GRASA CORPORAL porimc

7000
2
8 6000
74
o
O
% 50,00 ?
3
o
g 400 , 3
E som >0
w &
Z
o ™xn '
o 2om )

10.00

1500 20,00 300 3000 3500 000 4500
ime

Figure 3: Relationship between body mass index and body fat percentage. In the original Spanish
language

Accelerated Biological Aging and Risk of Sarcopenic Obesity: Impact on Autonomy

The study concludes that the population presents accelerated biological aging and a sarcopenic obesity
profile. The data reveal that body weight is linked to adipose tissue (R2 = 0.211) and not to protective
muscles (R2 = 0.033), generating critical levels of muscle fragility of up to 2.6 kg. This condition seriously
compromises the physical autonomy and metabolic health of older adults. Therefore, it is imperative to
implement body recomposition programs that prioritize muscle strengthening to mitigate functional risks.
These interventions are essential to preserve functionality and improve the overall quality of life in this age

group.

The study shows accelerated aging and sarcopenic obesity that compromises the autonomy of the elderly.
Since weight is linked to adipose tissue and not to muscle, it is urgent to implement muscle-strengthening
and body recomposition programs. These interventions are key to mitigating functional risks and improving
quality of life.
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Figure 4: Relationship between body mass index and skeletal muscle mass. In the original Spanish
language

Analysis of Physiological Impairment and Risk of Sarcopenic Obesity

The study reveals accelerated aging driven by a sarcopenic obesity profile, where excess fat and muscle
deficiency elevate metabolic risk. The data confirm that the increase in weight is linked to adipose tissue
(R2= 0.211) and not to protective muscles (R2= 0.033), generating a high functional vulnerability.
Therefore, it is urgent to implement body recomposition programs focused on muscle strengthening to
preserve autonomy and improve the quality of life of the elderly.

The research shows accelerated aging driven by a sarcopenic obesity profile, where excess fat and deficient
muscle mass compromise physical autonomy. The data confirm that weight gain is linked to adipose tissue
and not to protective muscles, generating a high functional vulnerability in the elderly. It is imperative to
implement body recomposition interventions that prioritize muscle strengthening to mitigate these
metabolic risks and improve quality of life.

Table 2. Distribution of the Median and Interquartile Range of Fat Percentage according to the Aging
Classification

Classification of Aging Median (%) Interquartile Range (IQR)

Healthy 34,45 37,55 -- 44,15
Expected 40,50 34,02 -- 45,75
Accelerated 39,15 34,50 -- 44,52

Source: Authors.

Determination of Biological Aging and Risk Profile
The study concludes that the population presents an accelerated biological aging and a sarcopenic obesity
profile, where excess fat does not translate into a protective muscle reserve (R2 = 0.033). This
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disproportion, evidenced by deficient muscle mass and critical levels of frailty, seriously compromises the
physical autonomy of older adults. Therefore, it is urgent to implement body recomposition programs
focused on muscle strengthening to reduce functional vulnerability and improve the overall health of the

group.

The research concludes that the population has accelerated biological aging and sarcopenic obesity,
characterized by excess fat and deficient muscle mass. The data confirm that weight gain is associated with
adipose tissue and not with protective muscles, generating a high functional vulnerability. Therefore, it is
urgent to implement body recomposition programs that prioritize muscle strengthening to mitigate
metabolic risks and preserve the autonomy of the elderly.

Table 3. Pearson Correlation Matrix between Chronological Age, Body Age, and Body Composition
Indicators

Variable Age Body Age IMC % Body Fat Muscle Mass

Age 1,000 0,835  -0,044 0,189 -0,329
Body Age 0,835 1,000 0,058 0,339 -0,349
IMC -0,044 0,058 1,000 0,478 0,238
% Body Fat 0,189 0,339 0,478 1,000 -0,355
Muscle Mass -0,329 -0,349 0,238 -0,355 1,000

Source: Authors.

DISCUSSION

The results of this study reveal a critical phenomenon of accelerated biological aging in the elderly of the
rural parish evaluated. The discrepancy found between chronological age (X = 74.30 years) and body age
(X = 77.21 years) suggests a premature physiological deterioration that exceeds the natural process of
senescence. This gap of almost three years of additional ageing should not be considered an isolated event,
but a direct consequence of an unfavourable body composition, characterised by an overweight BMI
(27.64), a high percentage of fat (39.67%) and a worrying deficiency of skeletal muscle mass (20.50 kg).
This phenotypic imbalance indicates that excess adipose tissue acts as a potent inducer of cellular
senescence, promoting a pro-inflammatory systemic environment that accelerates the wear and tear of vital
systems and prematurely depletes the individual's homeostatic reserves.

The finding of a body age higher than the chronological age coincides with what was proposed by Ventura
et al. (2025), who argue that the acceleration of phenotypic age is a robust indicator of frailty in older adults.
In this context, the strong correlation found in our study between chronological and body age (r = 0.835)
reinforces the idea that biological factors and lifestyle determinants are negatively driving the health profile
of Ecuadorian rural older adults. Toyoshima et al. (2022) have shown that the difference between “physical
fitness age” and chronological age is closely associated with obesity and hyperglycemia, which explains
why our population, with a high BMI, presents accelerated aging. In rural areas, visceral fat accumulation
increases insulin resistance, which not only alters glucose metabolism but also interferes with muscle
protein synthesis. In addition, this metabolic state favors the sustained release of reactive oxygen species,
exceeding the endogenous antioxidant capacity and damaging the integrity of cell membranes in the
musculoskeletal system.

The coexistence of high adiposity and low muscle mass in the sample configures a profile of sarcopenic
obesity. This state not only represents an aesthetic change, but a complex pathological process of fatty
infiltration into the contractile tissue. According to Wang et al. (2025), sarcopenic obesity significantly
impacts biological aging because adipose tissue exacerbates inflammatory processes that degrade muscle.
This aligns with our results, where dispersion analysis showed that weight gain (R? = 0.211 with body fat)

Genetics and Molecular Research 24 (4): gmr24124




9

does not translate into increased muscle reserve (R? = 0.033), evidencing a disconnect between caloric
intake and tissue functionality.

The loss of muscle mass (sarcopenia) is the central axis of this deterioration. Gustafsson and Ulfhake (2021)
point out that the origin of this age-induced disorder is multifactorial, involving everything from
neurohumoral changes to the denervation of muscle fibers. Molecular mechanisms, such as damage to
mitochondrial DNA, accelerate this loss of skeletal muscle tissue (Luo et al., 2024), while alterations in
signaling pathways (such as Akt1/2 deletion) not only cause osteosarcopenia but also dramatically reduce
life expectancy (Sasako et al., 2022). Early identification of these pathways is crucial in rural areas, where
physical dependence often precipitates social isolation. The degradation of the motor unit in these patients
implies a loss of precision in movement, exponentially increasing the incidence of falls and fractures that
seriously compromise survival.

The functional vulnerability of the participants, with critical cases of only 2.6 kg of muscle mass, increases
the risk of chronic diseases. Damluji et al. (2023) stress that sarcopenia is an independent risk factor for
cardiovascular disease, while Knoedler et al. (2023) have demonstrated through meta-analyses that the
presence of sarcopenia dramatically worsens clinical outcomes in surgical patients. The gut microbiota also
seems to play a mediating role; recent studies suggest that the dietary index for the microbiota is associated
with muscle health, linking nutrition directly to biological age (Zhang et al., 2025). In rural settings, this
relationship is vital, because as Swan et al. (2022) indicate, socioeconomic disadvantages are usually
associated with a higher probability of sarcopenia in older adults living in the community. It is highly likely
that prolonged exposure to poorly diversified diets, added to the environmental stress of the field, has altered
the intestinal symbiosis of these adults, feeding a cycle of “inflammaging” or chronic inflammation that
rapidly consumes protein reserves.

To mitigate this accelerated aging, the literature suggests innovative therapeutic approaches. Selvais et al.
(2024) explore the use of molecules such as AdipoRon to extend muscle health, while Wang and Zhou
(2025) emphasize the importance of interventions that address both sarcopenia and cachexia through
specific molecular mechanisms. Likewise, the optimization of energy metabolism (He et al., 2023) and the
approach to epigenetic mechanisms (Antoun et al., 2022) emerge as critical ways to slow down
musculoskeletal deterioration (Cai et al., 2024). These strategies must be adapted to the rural context,
prioritizing mechanical loading exercises that stimulate neuroplasticity and muscle regeneration through
local resources.

CONCLUSIONS

The research allows us to conclude that the population of older adults in the rural parish evaluated
experiences accelerated biological aging, where the average body age of 77.21 years significantly exceeds
the chronological age of 74.30 years, which shows a premature physiological deterioration and a greater
susceptibility to chronic pathologies. This systemic wasting is intrinsically related to an unfavorable body
composition profile, characterized by a prevalence of sarcopenic obesity where an excess of adipose tissue
(39.67%) and a critical deficiency of skeletal muscle mass (20.50 kg) coexist.

The study confirms that Body Mass Index (BMI) alone is an insufficient indicator to predict functional
health, since the dispersion analysis showed that the increase in body weight is exclusively linked to fat
gain (R2= 0.211) and not to protective musculature (R2= 0.033), which aggravates metabolic risk. The
presence of extreme values of muscle fragility, with alarming minimums of 2.6 kg, reveals a high physical
vulnerability that compromises the autonomy and functional capacity of individuals within their social
environment. Finally, given the classification of accelerated aging identified through anthropometric
indicators, it is concluded that the implementation of comprehensive intervention programs that prioritize
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body recomposition, muscle strengthening, and adequate nutrition is imperative to mitigate the negative
impact on health and ensure healthy aging in the Ecuadorian rural population.
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